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Abstract—The Dynamic Voltage Restorer (DVR) has become popular as a cost effective solution for the protection of
sensitive loads from voltage sag. By providing proper control scheme the DVR can also be utilized for eliminating other
power quality problem such as voltage unbalance and voltage as well as current harmonics This paper presents control
system based on repetitive controller to compensate voltage sag, voltage unbalance and voltage harmonics and current
harmonics The well –developed graphical facilities available in PSCAD/EMTDC are used to carry out all modeling aspects
of repetitive controller.
Keywords- Dynamic Voltage Restorer (DVR), Power Quality, repetitive control, voltage sag, harmonic distortion.

Harmonic current generated by a nonlinear device or
created as a result exisisting harmonic voltages will
exacerbate copper and iron losses in electrical
equipment. In rotating machine they will produce
pulsating torques and overheating.
Voltage imbalance is normally brought about by
unbalance load or unbalance short circuit fault thus
producing over heating in synchronous machine and
in extreme cases, leading to load shutdowns and
equipment failure.
Dynamic Voltage Restorer is essentially a voltage
source converter which is connected in series with
a.c. network via an interfacing transformer which was
originally conceived to eliminate voltage sag. It is a
power electronic converter based series compensator
that can protect critical load from the supply side
disturbances other than outages. This restorer is
capable of generating or absorbing independently
controllable real and reactive power at its output
terminal. This device employs solid state devices in
sinusoidal pulse width inverter structure. It injects a
set of three phase a.c.output voltage in series and
synchronism with the distribution feeder. The
amplitude and phase angle of injected voltage are
variable there by allowing control of real and reactive
power exchange between device and distribution
system. The main purpose of this device is to protect
sensitive load from voltage sag.
The design of control law for DVR: The
controller is
Normally designed with some specific aims firmly in
mind, such as the kind of disturbances it should
ameliorate, the velocity of time response, error in
steady state etc.
Most of the published work on DVR uses a simple
proportional integral controller implemented in frame
of reference which rotates with the frequency of the
grid voltage [1-2] This basic approach is sufficient to
enable voltage sag compensation and to compensate
certain kind of unbalanced voltages. However it fails
when dealing with high performance application and

I. INTRODUCTION
The importance of power quality has risen very
considerably over last two decades, due to mark
increase in number of equipment which is sensitive to
adverse power quality environment, the disturbances
introduced by non linear load and the proliferation of
the renewable energy sources, among others.
At least 50% of all power quality disturbances are
voltage quality type, where the interest is the study of
any deviation of the voltage waveform from its ideal
form. The best well known disturbances are voltage
sag and voltage swell and voltage harmonic,
interharmonic voltage for three phase system and
voltage imbalance. Arguably, the most common
power quality disturbance in power system is voltage
sag, but other disturbances, such as harmonic
voltages and voltage imbalances may also affect end
user and utility equipment leading to production
downtime and in some cases, equipment terminal
damage.
Voltage Sag is a decrease in rms voltage
between 0.1 to 0.9 per unit for duration from 0.5
cycles to 1 minute. Voltage imbalance is the ratio of
maximum deviation of average three phase voltages
to the average three phase voltage. Harmonics are
sinusoidal voltages having frequencies that are
integer multiples of the supply frequency. All these
phenomenon are frequently occurring in the system
and it will affect industry production
Voltage sag is normally caused by short circuit
fault in the power network or by starting of induction
motor of large rating. The ensuing adverse
consequences are a reduction in the energy transfers
of electric motors and disconnection of sensitive
equipment and industrial processes bought to stand
still.
Harmonics are produced by non linear
equipments such as electric arc furnace, variable
speed drive, large concentration of arc discharge lamp
and load which use power electronic circuit.
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more complex controller are required. Resonant
control filters are used in together [3] with PI
controller in order to eliminate harmonic voltages.
One filter is required for each of harmonic to be
eliminated if the system is unbalance and one half of
that number is the system is balance. The perfect
compensation cannot be guaranteed for every
situation by using this open loop controller. Feedforward + PI controller feedback is used [4]in order
to improve the control overall performance taking
into account the time delay sampled system and the
DVR output filter constraints.
This work focused on design of closed loop
controller for a DVR based on a repetitive controller,
aiming to compensate key voltage quality
disturbances normally voltage sag, harmonic voltage,
harmonic
currents
and
voltage
imbalance
simultaneously within the bandwidth. The control
structure is quite simple and yet very robust; it
contains a feed forward term to improve the transient
response and feedback term to enable zero error in
steady state. This could be simply implemented in
digital signal processor just with time delaying.
Repetitive control was first introduced in [5] to
eliminate periodic disturbances and to track periodic
reference signals with zero tracking error. The
repetitive control was originally applied to eliminate
speed fluctuation in electric motors but it has since
been adopted in a wide range of power electronic
applications. In [6] a repetitive controller is applied to
obtain an output voltage with low distortion in a
constant voltage, constant frequency three phase
PWM inverter. In[7]a repetitive controller is also
used to achieve zero tracking error in the output
current of a three phase rectifier in order to improve
power factor. More recently in [8] repetitive
controller is used in a parallel active filter to cancel
out harmonic produced by non linear load. The
repetitive controller presented in this work has a
wider range of applicability; it used in a DVR system
to compensate voltage sag, voltage harmonics,
current harmonics and voltage imbalance within a
band width. Unlike other schemes, which also have a
comparable range of applicability, only one controller
is needed to cancel all three disturbances
simultaneously. The control structure contains a grid
voltage feed forward term to improve the system
transient response, and closed loop control which
comprises a feedback of the load voltage with
repetitive controller in order to warrant zero tracking
error in steady state
This paper is organized as follows model of DVR is
presented in Section II. DVR with repetitive control
scheme is presented in section III. The modeling of
study case with repetitive controller using the well
developed graphical facilities
available
in
PSCAD/EMTDC and simulation results are presented
in section IV. The main conclusion is presented in
section V.

II. MODEL FOR A DVR APPLICATION
A system, incorporating a DVR, is depicted in Fig.1.
Various kinds of loads are connected at the point of
common coupling (PCC), including a linear load, a
nonlinear load, and a sensitive load. The series
connection of the voltage-source converter (VSC)
making up the DVR with the ac system is achieved
by means of a coupling transformer whose primary is
connected in series between the mains and the load.
Although a passive LC filter is normally used to
obtain a switching-ripple-free DVR voltage, in this
paper, this filter is not considered in order to fully
assess the harmonic cancelling properties of the
repetitive controller.
Fig. 2 shows the equivalent circuit for the DVR,
where Vs, is the supply voltage, Zs is the line
impedance, is is the current supplied by the source,
which splits at the PCC into a current injected into the
sensitive load i and a current injected into other loads
ir..The voltage Vpcc is the measured voltage at the
PCC; u is the voltage representing the DVR, which is
modeled as an ideal voltage source. Also, R and L are
the resistance and inductance of the coupling
transformer, respectively, and v is the measured
voltage across the sensitive load. The sensitive-load
voltage can be obtained as
(1)

Fig.1 System configuration with DVR
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Fig.2 Single phase equivalent circuit of DVR
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Fig.3 Closed-loop control scheme

(6)

II. DVR WITH REPETITIVE CONTROL
SCHEME

Where M(s) is a transfer function chosen so that
closed –loop stability is always fulfilled and ω1 is the
fundamental frequency at the mains.
The substitution of (6) into (3) – (5) yields

The aim of control scheme is to regulate load
voltage in the presence of various kinds of
disturbances. The control structure proposed in this
paper is based on the use of feed forward term of the
voltage at PCC to obtain fast transient response and a
feedback term of load voltage to ensure zero error in
the steady state. The continuous time of the whole
control system is depicted in fig. 3 where C(s)
represents the controller. If the switching frequency is
high enough the DVR can be modeled as a linear
-tos
amplifier with a pure delay P1 (s)= e
[4].This delay
is the sum of one sample period plus the time delay of
the inverter due to PWM switching. The former
applies in case of microprocessor based
implementation [10] and latter can be taken half the
switching period [4]. The transfer function P2(s) is
equal to Ls +R,V *(s) is the reference voltage for the
load. U*(s) is the control output, whereas U(s) is the
output voltage of the DVR and V(s) is the load

F(s) =

1 -- e

1

-2π/ω s
1

+ M(s)] P1 (s)

1- e

-2π/ω s

Fi(s) - [1 – e

-2π/ω s

1
1

(7)

+ M(S)P1(s)
-2π/ω s
1

]

+ M(S)P1(s)
] P2 (s)

(9)

-2π/ω s

1–e
+M (s) P1(s)
1
In order to calculate the frequency response of (7) (9), the
Variable s is substituted by jω . It should be noticed
(-2π) / (ω ) jω

that the term ( 1 – e
) is always zero
1
whenever ω is an integer multiple of the frequency
ω1.Hence the frequency response shows that F(jωh) =
1, Fw(jωh)=0 and Fi (jωh) = 0 for frequencies ωh =
hω1 with h = 0,1,2 - - - - - - -- ∞. Therefore if the

closed loop system is stable, the error in the steady
state is zero for sinusoidal reference inputs or
sinusoidal disturbance inputs of frequency ωh..
To solve the problems which may arise due to some
factors such as modeling errors ,inverter time delay,or
dead time effects in the converter switches the
controller based on (6) is modified as

The load voltage is

Where
F(s) = [ 1 + C(s) ] P1 (s)
1+ C(s) P1(s)
Fw(s) =
1 –P1 (s)
1+ C(s) P1(s)

-2π/ω s

Fw(s) = [ 1 – P1(s) ] [ 1 - e
(8)

voltage. The inputs Vpcc(s) and I(s) stand for grid
voltage and current through the load, respectively.
Both inputs are assumed to be measurable. The model
may be extended with ease to three phase application.

V(s) = F(s)V*(s) + Fw(s)Vpcc(s)+Fi(s)I(s

[1–e

(2)

(3)

(10)

(4)

Where Q(s) is the transfer function of a low pass filter
[10]
is the estimated value for the DVR delay , with
T=2π/ω1- β and β is design parameter which is
smaller than the period of grid voltage ( β ‹ (2π)/(ω1)
).
Substituting (10) in (3) – (5)

Fi (s) =

- P2 (s)
(5)
1+ C(s) P1(s)
As first approximation, as described in conventional
repetitive control theory [5], the controller C(s) can
be Written as
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F(s) _

e-tos + Q(s) e-Ts [ e-δs -- e-tos ]
1 + Q(s) e-Ts ( e-δs - 1)

(11)

Fw(s) =

[ 1 - e-tos ] [ 1- Q(s) e-Ts ]
1 + Q(s) e-Ts (e-δs - 1)

(12)

winding. The voltage of the dc storage device is
400V.
A. System Parameter
The system parameter are summarized in Table I
TABLE I
PARAMETERS OF THE SYSTEM

[1- Q(s) e-Ts ] P2(s)
(13)
-Ts
-δs
1 + Q(s) e ( e - 1)
The Characteristic equation of resulting loop
system is

Fi(s) =

Parameter

G(s)
1 + Q(s) e-Ts ( e-δs -1)

(14)

To ensure the stability the term G(s) in (14) must
satisfy the Nyquist criteria: if the number of unstable
poles of open loop system G(s) is equal to zero (P=0),
then the number of counterclockwise encirclement of
the point (-1,0) of the term G(jω) must be zero (N=0)
with -∞ ‹ ω ‹ ∞. A low-pass filter which is
approximated by a constant time delay
(Q(jω) ≈ 1e-jβQ ) within its pass band can be designed
with βQ being the time delay of filter. For continuous
time system Bessel filter can be used because they
can be approximated by constant time delay [11] .The
transfer function of second order low pass filter is
3 ω c2
Q(s) =
S2 + 3sωc +3ωc2
(15)

400 V

Resistance and inductance of the line
Motor Connection inductance

Rs=10mΩ,Ls=750
µH
L1= 50 µH

Nonlinear-load connection inductance
Mechanical power of the motor

L2= 50 µH
Pm=46kW

DC load :resistance and inductance

Rdc=10Ω,Ldc= 0.4H

Sensitive load: resistance and
inductance
Transformer: inductance

Rsl=3Ω,Lsl= 50 mH

Transformer no load losses

Po=0.02 p.u.

Transformer cu losses

Pw=0.02 p.u.

L= 0.01(p.u)

TABLE I
PARAMETERS OF CONTROLLER
Parameter

Fundamental frequency f1
Switching frequency fs

Value

50 Hz
6.45 kHz

Frequency modulation Index
to

1/2 fs

δ

0.2 to

Amplitude modulation index
Cut off frequency of Bessel filter

Where ωc is the cut off frequency of the low pass
filter. In order to obtain F(jωh)=1,Fw (jωh)=0 and Fi(
-(2π/ω1jωh)=0,the time delay of the term Q(s)e
β)s

Value

RMS line-line voltage

Constant time delay of Bessel filter

129

0.8
5 kHz
551.33 µs

B .Controller parameter
In order to design the parameter of control system
correctly, a nominal value for time delay must be
chosen. As the controller has been implemented by
using
continuous
system
provided
by
PSCAD/EMTDC, the time delay is only due to PWM
switching. In this paper sinusoidal PWM scheme has
been used to generate the switching signals for the
power converter, which consist of three –branch
three phase voltage source inverter.
A controller has been designed for each phase by
using a three phase a,b,c co-ordinate system. The
a,b,c reference frame is perhaps most popular
alternative to control load voltage when operating
under unbalanced condition.
Fig. 4 shows the Nyquist diagram of the term Q(s)eTs -δs
(e -1) where it can be seen that the number of
Counterclockwise, encirclements of the point (-1,0) is
zero(N=0) .Therefore recalling that the number of
unstable poles of the open loop system G(s) is P = 0,
the closed loop system is stable

must be 2π/ω1.

Since the delay is equal to βQ + 2π/ω1 – β within filter
pass band the parameter β is chosen to cancel out
filter time delay (β = βQ ) under such condition the
closed loop system frequency response will satisfy
F(jωh)=1,Fw (jωh)=0 and
Fi (jωh)=0, while approximation of constant time delay
is valid
IV STUDY CASE
The power system depicted in fig. 1and the
controller shown in fig. 3 has been implemented in
PSCAD/EMTDC. The test system is comprised of a
400-V, 50-Hz source which feeds three different
loads i)a Squirrel cage induction machine, 2) a non
linear load which consist of an uncontrolled three –
phase rectifier with an inductive –resistive load, and
3) a three phase sensitive load which consist of a star
made up of a resistance connected in
Series with an inductance in each phase. A two level
DVR is connected between PCC and the sensitive
load by means of a 20 kVA coupling transformer
with unity turns ratio and star connected secondary
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t=0.65 and induction motor load is, the voltage at PCC
rise to 380V. A comparison of VLrms and VSrms shown
in fig 5 shows that despite of the many voltage
variations at the PCC the DVR is able to provide the
sensitive load with the necessary voltage, maintaining
an almost constant voltage level of 400V.
Fig 6(a) and (b) shows results only for the case
where non linear load and sensitive load and I.M. are
connected. Notice that only 0.06 to 0.2 sec are plotted,
although this case lasts for 0 to 0.2 sec. Fig 6(a) shows
line- to-line voltages at the PCC Vabpcc , the waveform
distortion is due to harmonic current drawn by the
rectifier, while the total current provided to the
sensitive load and the rectifier causes a voltage drop at
PCC The Fourier analysis of line to line voltage shows
that the rms value at the fundamental frequency is 338
V and the total harmonic distortion is THDv=4.5% Fig
6(b) shows line to line voltage across sensitive load
.The control system guarantees that the DVR not only
counteracts the voltage drop but also cancel out
harmonic caused by non linear load. In this case
fundamental harmonic has rms voltage 403 V while
the total harmonic distortion is THDv =4.09%. Note
that this harmonic distortion value is due to high
frequency harmonics associated with PWM process
The results obtained when two phase short circuit
occurs are plotted in figs 7-8. Since the fault causes
unbalanced voltages at PCC, the three line-to-line
voltages have been plotted in Figs 7 and 8. From t =
0.2 s to t=0.28 s, the fault is applied and causes an
unbalanced voltage sag, is shown in
fig 7 and compensated voltages with repetitive
controller are shown fig 8
At 0.4 to 0.65 sec induction motor effect, is
observed this results in voltage sag of 83% of normal
voltage at PCC this which shown in fig 9.By using
repetitive controller the load voltage is increased to
99.5%. At t=0.65 s, the nonlinear load is disconnected
from the system and only sensitive load remain
connected.

Fig 4 Nyqust diagram of the term Q(s) e-Ts ( e-δs - 1)

Fig 5.Threephase rms voltage( a) Vsrms Across the sensitive
load (b) VLrms at the PCC

Fig.6 Line to Line voltage (a) at PCC (b) Across sensitive
load for corresponding to the interval 0≤ t ≤ 0.2 sec

C .Simulation result
The simulation for case under study is carried out
in PSCAD/EMTDC. The simulations are carried out
as follows the non linear load and the DVR are
connected at t=0s.A two phase short–circuit fault is
applied at PCC from t=0.2s to t=0.28 s via a fault
resistance of 0.2 Ω. This short circuit causes 45%
voltage sag in the two affected phase with respect to
their nominal values. The induction machine is
connected at 0with a constant rotor speed of 0.97
p.u.(the slip has a value of s=3%) while the nonlinear
load is disconnected at t=0.65 and I.M. is also
disconnected at 0.65s. The total simulation is carried
out in 0.8 s.
The fig 5(a) shows the tree-phase rms voltage VLrms
across the sensitive load and fig5(b)VSrms at the PCC
.Initially the rms value of the voltage at PCC 346 V
and this fails to 237 when the two- phase short–circuit
fault is applied. When Induction motor is connected at
t=0.1s, the voltage at PCC decrease to 339 V causing
voltage sag of 16% with respect to nominal value.
Finally when the non linear load is disconnected at

Fig.7 Line to Line voltage (a) at Vpcc ab (b) Vpcc bc (c) Vpcc
ca Corresponding to the interval (s) 0.2≤ t ≤ 0.28 sec
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1

state for sinusoidal reference input. To achieve this
controller has been provided with feed forward term
and feedback term. A key feature of this controller is
only one controller is required to eliminate all four
power quality disturbances namely voltage sag,
voltage unbalance, voltage harmonics and current
harmonics. This controller can be implemented
stationary reference frame or rotating reference frame
.In this paper highly developed graphical facilities
available in PSCAD/EMTDC have been used very
effectively to carry out all aspects of the system
implementation. Simulation results shows that the
repetitive controller of DVR yield excellent voltage
regulation and also able to keep the current and
voltage harmonics at load within limit, thus screening
a sensitive load from upstream power quality
disturbances

Fig.8 Sensitive-Load Line to Line voltage (a) at Vab1 (b) Vbc
(c) Vca 1 Corresponding to the interval (s) 0.2 ≤ t ≤ 0.28 sec
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